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Facies distribution, paleoenvironment and sequence stratigraphy model of the OligoMiocene Asmari Formation (Fars Province, south of Iran)
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Abstract: The Oligocene (Rupelian-Chattian) to Miocene (Aquitanian)-aged Asmari Formation is considered one of the most significant
petroliferous reservoirs in the Middle East. The Oligocene–Miocene Asmari Formation represents diverse facies patterns in different
parts of Zagros, so analysis of its facies in different provinces of the Zagros Basin is necessary. In this study, the sedimentary depositional
sequences of Asmari Formation in the Firuzabad (south of Shiraz) and Bastak (west of Bandar-Abbas) sections in the Zagros Basin (Fras
Platform) have been analyzed for distinguishing facies characteristics, interpreting the paleoenvironment and determining dominant
depositional sequences. Based on field investigations and laboratory studies, 13 microfacies have been determined; these are organized
in 3 facies associations containing outer ramp (open marine), mid ramp, and inner ramp (shoal, lagoon, and tidal flat). Sedimentary
characteristics, arrangement, and comparison of horizontal and vertical facies indicated that the successions of the Asmari Formation
sediments were deposited in a homoclinal ramp-like platform with a gentle slope and the deeper part of the basin located in the
Firuzabad section. Analysis of detailed facies frequency showed that the outer ramp is the most frequent facies association in the
Firuzabad and the inner ramp (lagoon subenvironment) is the most frequent facies association in the Bastak. Sea level variations during
Oligo-Miocene time resulted in creation of two third-order depositional sequences in both sections. The depositional sequences consist
of transgressive systems tract and highstand systems tract. In all the identified sequences, transgressive systems tract (TST) demonstrate
retrogradational stacking pattern with deepening-upward trend while highstand systems tract (HST) indicate progradational stacking
pattern with shallowing-upward trend.
Key words: Oligocene–Miocene, Asmari Formation, paleoenvironment, sequence stratigraphy, Zagros Basin

1. Introduction
The Asmari Formation is considered the most significant
reservoir of Iran and one of the largest petroleum reserves
in the world. This formation is the youngest and richest
oil reservoir in Iran and it contains more than 85% of
recoverable oil of Iran (Alavi, 2004, 2007; Ghazban 2007).
The Asmari deposits spread in a range of 1200 km long
and 200 km wide from northeast Iraq to the southwest
of Iran. Busk and Mayo (1918) introduced the Asmari
Formation in Khuzestan Province, southwest of Iran and
said this formation is related to a sequence of CretaceousPaleogene age. Then, Richardson (1924) and Van Boeckh
et al. (1929) provided a more complete definition and
introduced the type section of Asmari Formation. Lees
(1933) revised the previous studies and suggested the
Oligo-Miocene age. James and Wynd (1965) conducted

detailed biostratigraphic studies and provided 6 bio-zones
(assemblage zone) of this formation.
The Asmari carbonates are in the margins of an
intrashelf basin in the central segment of the Tethyan
seaway in the Zagros foreland basin (Van Buchem et al.,
2010) and indicated the last marine transgression of the
Neo-Tethys Ocean (Stocklin, 1968; Berberian and King,
1981; Alavi, 1994, 2004; Heydari, 2008). The age of the
Asmari Formation is Rupelian (Oligocene) to Burdigalian
(Miocene) (Thomas, 19481; Adams and Bourgeois, 19672;
Laursen et al., 2009; Van Buchem et al., 2010). In most
Zagros areas, the Asmari Formation is covered by pelagic
carbonate of the Pabdeh Formation (as the source rock) and
is located below the evaporate Gachsaran Formation (as
the cap rock). Due to the extreme importance and intense
facies variations in the Asmari Formation in the Zagros

Thomas AN (1948). The Asmari Limestone of southwest Iran. National Iranian Oil Company Report 706 (unpublished).
Adams TD, Bourgeois E (1967). Asmari biostratigraphy: Geological and exploration division. Iranian Offshore Oil Company Report
1074 (unpublished).
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Basin, this formation has been the subject of numerous
studies including biostratigraphy, sedimentology, and
reservoir quality (e.g., Seyrafian and Hamedani, 1998,
2003; Allen et al., 20063; Vazirri-Moghadam et al., 2006;
Daniel et al., 2008; Allahkarampour Dill et al., 2010, 2012;
Amirshahkarami, 2013; Avarjani et al., 2015; Shabafrooz et
al., 2015 a, 2015b; Habibi, 2016a, 2016b; Taheri et al., 2017).
Although there have been several studies on the Asmari
Formation, only a few studies were conducted to determine
and compare sedimentological characteristics and facies
features of the Asmari Formation at two geological records
(Interior Fars and Coastal Fars zones). The aim of this article
is to perform microfacies analysis and paleoenvironment
reconstruction to understand the Oligo-Miocene sea-level
fluctuation in the Fars region in the south of Iran. We
attempt to find out the basin depth changes during OligoMiocene by comparing a set of sedimentological criteria in
two important parts of the Zagros Basin (i.e. internal and
external Fars) (Figures 1a–1c). It will help in enhancing
our knowledge of sedimentary basin analysis during the
formation of the important petroliferous Asmari reservoir.
2. Geological setting
The Zagros Basin, nearly 2000 km long and from 100 to
300 km wide is a part of Alpine–Himalayan orogenic belt
(Berberian and King, 1981; Alavi, 2004, 2007; Motiei,
2007) which extends from the northwest of Turkey (the
Taurus mountains) to southeast of Iran) Strait of Hormuz
((Falcon, 1974; Stocklin, 1974). The Zagros Basin is a great
example showing all the phases of basin evolution, from
a passive continental shelf to a rift and drift phase and,
eventually, diverse periods of deformation together with
plate collision (Koop and Stoneley, 1982; Alavi, 2004). The
Zagros fold-thrust belt (ZFTB) was created by the collision
of two tectonic plates, the Eurasian Plate and the Arabian
Plate during the Cenozoic (Haynes and McQuillan, 1974;
Sattarzadeh et al., 2002; Alavi, 2004, 2007); this collision
allows the Arabian Plate to move below the central Iranian
plate (Stocklin,1974; Berberian and King, 1981; Alavi,
2004). The collision started in the Late Cretaceous (middle
Maastrichtian) and continued to Miocene and folded all
the pre-Miocene rocks to the present time (De Mets et al.,
1990; Berberian, 1995; Alavi, 2004; Bahroudi and Koyi,
2004). The Arabian-Eurasian Plate collision caused the
closure of the Neo-Tethys (Alavi, 2007) and the creation
of Zagros Mountains with valuable hydrocarbon resources
(Alavi, 1994; Bordenave and Hegre, 2005; Hessami et al.,
2006). In fact, the Oligocene to Miocene aged carbonateevaporate deposits of the Asmari Formation demonstrated
the last presence of sea conditions (Neo-Tethys Ocean) in
the Zagros Basin.

According to tectono-sedimentary characteristics and
facies alternations, the Iranian Zagros fold-thrust belt
(ZFTB) is separated into several tectono-stratigraphic
provinces including the Lurestan (Western Zagros), the
Izeh zone, Dezful embayment (central Zagros) and the
Fars province (eastern Zagros) (Motiei, 1993) (Figure1a).
Fars Province, located in the east of Zagros, is divided
into three subzones including interior Fars, coastal Fars,
and subcoastal Fars based on geological characteristics
and facies variations. The studied sections of Firuzabad
and Bastak are located in Fars Province and are chosen
in a way that follows Zagros’s NW–SE orientation, this
orientation is a hypothetical line with NE–SW direction
which extends from interior Fars to coastal Fars (Figures
1a–1c). In most areas of the Zagros, this succession
exhibits a retrograding facies pattern pelagic carbonate
of Pabdeh Formation (source rock) and is overlain
under evaporate Gachsaran Formation (cap rock). The
Asmari Formation mostly consisted of carbonate deposits
(limestone–dolomite) but also two evaporative and sandy
members existed in this formation which are called Ahvaz
sandstone and Kalhor evaporative members, respectively
(James and Wynd, 1965; Motiei, 1993(. This has led the
Asmari Formation to display various facies arrangements
in different parts of the Zagros Basin.
3. Methodology
For this study, two stratigraphic sections of the Asmari
successions were carefully measured, described, and
sampled using random and systematic combination
methods. Above 300 samples of the Oligocene–Miocene
Asmari Formation were taken from the Firuzabad
section with a thickness of 270 m, and 320 samples
were taken from the Bastak section with a thickness of
286 m. A total of 620 thin sections were prepared and
studied from the field samples. Samples were collected
systematically at approximately 1-m intervals and were
numbered from bottom to top of each section (Figure 2).
The sample numbers refer to their height from the base
of the section (base of the Asmari Formation). Carbonate
rocks are classified and their texture is identified based
on Dunham (1962), Embry & Klovan (1971), and
microfacies identification and interpretation are done by
following Flügel (2010). Frequency analysis of facies was
conducted based on statistical inference. Depositional
sequences were determined based on the field studies
and petrographic criteria were interpreted by the valid
resources (e.g., Sarg, 1988; Vail et al., 1991; Read, 1995;
Emery and Myers, 1996; Catuneanu, 2006; Catuneanu et
al., 2011).

Allen T, Azizzadeh M, Daniel JM, Griffith C, Laursen GV et al. (2006). Reservoir description of the Asmari Formation in the Dezful
Embayment. Final report Phase II, IOR-JSP report (unpublished report).
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Figure 1. Location and geological map of the studied area in Fars Province. a) Schematic structural map of the Zagros Basin showing
Zagros tectono-stratigraphic provinces including the Lurestan (western Zagros), the Izeh Zone, Dezful embayment (Central Zagros),
and Fars Province (eastern Zagros). The red and yellow stars indicate the position of Firuzabad and Bastak sections, respectively
(modified after Falcon, 1974; Homke et al., 2009; Casini et al., 2011). b) Geology-structural map of Firuzabad section. c) Geologystructural map of Bastak section.

4. Lithostratigraphy
The Asmari Formation is considered a part of the OligoMiocene lithostratigraphy chart (James and Wynd, 1965);
its thickness varies in different parts of Zagros. The Asmari
Formation in the Firuzabad section, with a total thickness
of 270 m, largely consists of limestone and a little marl and
has 4 lithological units including (Figures 2 and 3a): 1–68
m of creamy thin-bedded marly limestones which cover
green shales of the Pabdeh Formation, 2–45 m of grayish
thick-bedded limestone, 3–60 m of beige medium-bedded
limestones with bivalve fossil debris, 4–97 m of beige
massive limestone corresponding to the upper part of the
Asmari Formation and on top of it, there are evaporative
beds of the Gachsaran Formation. The lower boundary of
the Asmari Formation in the Firuzabad section is in contact
with the Pabdeh Formation and its upper boundary is in
contact with the Gachsaran Formation and both of the
contacts have been defined.
The Asmari Formation in the Bastak section, with a
total thickness of 286 m, is chiefly composed of carbonate
lithology and also has 4 lithological units containing
(Figures 2 and 3b): 1–49 m of creamy thin-bedded marly
limestone, 2–98 m of beige thick layers of limestones,
3–39 m of brown medium layers of limestone, 4–100 m
of beige massive limestone. The lower boundary with the
Pabdeh Formation (Figure 3c) and upper contact with
the Gachsaran Formation are paraconformities contacts.
Time boundaries are determined based on index fossils.
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For example, the Eocene–Oligocene boundary is marked
by the first appearance of Nummulites fichteli and the
Oligocene–Miocene boundary is marked by the first
appearance of Rotalia sp., Austrotrillina howchini.
5. Discussion
5.1. Microfacies features of the Asmari Formation
According to lithology, microfacies features and
sedimentary structures of three facies associations were
determined on the Oligocene–Miocene deposits in the
Firuzabad and Bastak sections. These facies groups were
formed in the outer ramp (open marine), mid ramp, and
inner ramp (shoal, lagoon and tidal flat) subenvironments.
Table shows the facies features of each group briefly.
5.1.1. Outer ramp facies association
5.1.1.1. MF1: Planktonic foraminiferal bioclastic
wackestone
This microfacies is characterized by the development
of micritic lime mud (more than 60%) and the presence
of benthic and planktonic foraminifers. The prevalent
bioclasts are planktonic foraminifers. Other main
biologic components include benthic foraminifers such
as Nummulitidae, Heterostegina, and Miliolida together
with lithophyllum algae, echinoid, and bivalve debris. This
microfacies has been observed in both the Firuzabad and
Bastak sections (Figure 4a). This facies is comparable to
RMF5 Flügel (2010).

KAMALIFAR et al. / Turkish J Earth Sci

Figure 2. Generalized lithostratigraphy columns of the Asmari Formation showing dominant lithology, lithostratigraphic units, and
their correlation based on main units in the Firuzabad and Bastak sections. The red and yellow stars (in the map) indicate the position
of Firuzabad and Bastak sections, respectively.
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(Figure 4b). This facies is comparable to RMF5 in Flügel
(2010).
The presence of micritic matrix and high amounts of
planktonic foraminifera suggest the deposition of calm
and motionless and deep water depositional setting
(Buxton and Pedley, 1989; Reading, 1996; Hallock, 1999;
Corda and Marco, 2003; Cosovic et al., 2004).
The absence of flow and wave sedimentary structures
and the shortage of shallow-water fauna (neritic fauna)
and large bioclastic fragments imply below fair weather,
low hydrodynamic energy conditions of the deep part
of ramp or basin (Pedley, 1998; Flügel, 2010; Pomar et
al., 2014; Aleali, 2017). The abundance of planktonic
foraminifers suggests eutrophic in conditions (Luciani
and Cobianchi, 1999). According to Pomar (2001), the
absence of light-dependent fauna (such as green algae and
corals) indicated deposition below the photic zone (deep
water condition). Similar microfacies from the Asmari
Formation was reported by Vaziri-Moghaddam et al.
(2006) in Lali region (NW of Zagros), by Shahkarami et al.
(2007) in Fars region, by Vaziri-Moghaddam et al. (2010)
in the Chamanbid region, by Sadeghi et al. (2011) and
Zabihi-Zoeram et al. (2014) in Dezful embayment.
5.1.2. Middle ramp facies association
5.1.2.1. MF3: Large benthic foraminiferal bioclastic
packstone
This facies is represented by a packstone texture with large
benthic foraminifers such as Nummulites and Eulepidina.
Other constituents include echinoid and bivalve particles,
red algae (Lithophyllum). This microfacies can be observed
in both sections of Firuzabad and Bastak (Figure 4c).This
facies is comparable to RMF13 Flügel (2010).
Figure 3. Field aspects of the Asmari Formation in the studied
sections. a) General view of the Firuzabad section, showing
Gurpi, Pabdeh, and Asmari Formations, respectively, from
bottom to top. b) General view of the Bastak section, showing
Gurpi, Pabdeh, Asmari, and Gachsaran Formations, respectively,
from bottom to top. c) Outcrop photograph showing the lower
(basal) of the Asmari Formation with the underlying softweathering shaly Pabdeh Formation and the upper boundary
with the Gachsaran Formation.

5.1.1.2. MF2: Planktonic foraminiferal bioclastic
packstone
This packstone is composed of the dense micritic
carbonate limestone (less than 40%) and the abundance
of bioclastic allochems. The dominant fauna is planktonic
foraminifera. Moreover, benthic foraminifers (such as
Rotalia, Heterostegina, and Amphistegina), Bryozoa,
echinoid and bivalve debris are present. This microfacies
is observed in both the Firuzabad and Bastak sections
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5.1.2.2. MF4:Nummulitid bioclastic packstone
This packstone is marked by the presence of large benthic
foraminifera with hyaline wall such as Nummulites fichteli,
Nummulites intermedius, as well as Rotalia, together
with planktonic foraminifers which are surrounded by a
micritic limy matrix. Nummulites are considered as the
most prominent grains with coarse sand to granule in
size (mostly up to 2 mm). Some foraminifers of Family
Nummulitidae are large and elongated in a way that they
are visible to the naked eye. Other constituents include
echinoid, bivalve debris, and red algae (Lithophyllum).
Other skeletal components are fragments of bryozoa. The
only nonskeletal grain is intraclast with an abundance of
less than 5%. This facies exists in the Firuzabad section
and does not exist in the Bastak section (Figures 4d and
4e). This facies is comparable to RMF20 Flügel (2010).
The presence of large and prolonged benthic
foraminifera with hyaline wall in the micritic mud rich
matrix demonstrated that MF3 and MF4 were deposited
in the lower photic zone, low to moderate hydrodynamic

Sand
Sand

Sand/
Gravel
Silt
Mud

Limestone, brown,
packstone
Limestone, light brown,
packstone
Limestone, brown,
packstone to grainstone
Limestone cram,
framestone
Limestone, brown,
packstone to grainstone
Limestone, brown,
grainstone
Limestone, brown,
Sand
packstone to wackestone
Sand

Marly limestone,
light gray, packstone

Limestone, brown,
grainstone
Limestone, brown,
wackestone
Dololimestone, brown,
mudstone
Limestone, brown,
mudstone

Planktonic foraminiferal
bioclastic packstone

Large benthic foraminiferal
bioclastic packstone

Nummulitid bioclastic
packstone

Benthic foraminiferalbioclastic
packstone to grainstone

Coral boundstone
(framestone)

Echinoid bioclastic
packstone to grainstone

Miliolid bioclastic grainstone

Peloidal bioclastic
packstone to wackestone

Benthic foraminifera
bioclastic grainstone

Bioclastic wackestone

Laminated dolomitic mudstone

Fenestral mudstone

MF2

MF3

MF4

MF5

MF6

MF7

MF8

MF9

MF10

MF11

MF12

MF13

Gravel

Sand

Sand/
Gravel

Sand/
Gravel

Mud

Mud

Marly limestone,
brown, wackestone

Planktonic foraminiferal
bioclastic wackestone

MF1

Grain
size

Lithology,
color and texture

Microfacies name

Facies
code

Small bivalve Fragments (rare)

-

-

-

Peloid

-

Benthic foraminifera (Austrotrillina, Triloculina,
Archaias, Dendritina rangi, Peneroplis), bryozoa,
echinoid, bivalves, gastropod
Benthic foraminifera (Miliolid, Dendritina,
peneroplis), bryozoan, bivalve, gastropod

Peloid

-

Benthic foraminifera (miliolid, Austrotrillina,
Triloculina, Neorotalia) redalgae, echinoid,
bivalvdebris, gastropod
Benthic foraminifera (Miliolid, Peneroplis)
redalgae, echinoid, bivalves, gastropod

Intraclast

-

Benthic foraminifera, bivalvedebris,
echinoidtest, redalgae,coral

Coral, bivalvedebris, bryozoa

Intraclast

Intraclast

Benthic foraminifera ( Rotalia, Nummulits) Pelagic
foraminifera(Globigerina, Globerotalia)
redalgae, echinoid, bivalvdebris
Benthic foraminifera ( miliolid, Neorotalia)
bryozoa, redalgae, echinoid, bivalvdebris, gastropod

-

-

Pelagic foraminifera (Globigerina, Globorotalia),
Benthic foraminifera (Rotalia, Amphigtegina),
brozoa, echinoid
Benthic foraminifera (Nummulits, Lepidocyclina,
Asselina), redalgae, echinoid, bivalvdebris

-

Outer ramp

Outer ramp

Depositional
environment

Inner ramp
(Shoal)

Inner ramp
(Shoal)

Inner ramp
(Lagoon)

Inner ramp
(Shoal)

Low

Low

Low

Inner ramp
(Tidal flat)

Inner ramp
(Tidal flat)

Inner ramp
(Lagoon)

Moderate Inner ramp
to High
(Lagoon)

Moderate

High

Moderate Inner ramp
to High
(Shoal)

High

High

moderate Mid ramp

moderate Mid ramp

Low

Low

Energy
Nonskeletal level

Pelagic foraminifera(Globigerina, Globerotalia)
Benthic foraminifera(Nummulites, Heterostegina)
redalgae, bivalvedebris

Skeletal

Components

Table. Summary of the main characteristics of the sedimentary facies, including facies types, lithology and texture, components features, energy level and depositional environment.
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Figure 4. Photomicrographs of the major carbonate microfacies of the Asmari Formation.a: Planktonic foraminiferal bioclastic
wackestone (Firuzabad, Sample No.56; Plk: planktonic foraminifer), b: Planktonic foraminiferal bioclastic packstone (Bastak, Sample
No.33, Plk: planktonic foraminifer), c:Large benthic foraminiferal bioclastic packstone (Bastak, Sample No.48, Eul: Eulepidina sp., Num;
Nummulites sp.), d,e: Nummulitid bioclastic packstone (Firuzabad, Sample No.100, Num fich: Nummulites fichteli, Num int:Nummulites
intermedius), f: Bioclastic benthic foraminiferal packstone to grainstone (Firuzabad, Sample No.102, Ech deb: Echinoid debris, Mili:
miliolid, Rot: Rotalia viennoti, Int: Intraclast, Bry deb: Bryozoa debris ).

regime between storm wave and fair-weather wave base
(Hottinger, 1997; Hallock, 1999; Geel, 2000; Cosovic et al.,
2004; Flügel, 2010). From the mid ramp subenvironment,
in the oligophotic to mesophotic zone, the amount of
thin and flat forms of large benthic foraminifers (such
as Eulepidina and Nummulites) was decreased (Bassi et
al., 2007; Habibi, 2014). Similar microfacies is recorded
from the other parts of the Zagros Basin (e.g., Vaziri-
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Moghaddam et al., 2006; Sadeghi et al., 2011; Habibi, 2014;
Adabi et al., 2015).
5.1.4. Inner ramp facies association
5.1.4. 1. MF5: Benthic foraminiferal bioclastic packstone
to grainstone
The groundmass of this facies is comprised of sparry
calcite cement along with some carbonate mud (micrite).

KAMALIFAR et al. / Turkish J Earth Sci
Benthic foraminifera, bryozoa, bivalve shell, echinoids/
crinoids fragments, brachiopoda, coralline red algae,
gastropods, and ditrupa are considered to be the major
skeletal components. Foraminifers include both walls
of hyaline foraminifers (such as Neorotalia and Rotalia
viennoti) and walls of porcellaneous foraminifers (such as
miliolid). Intraclast is the only nonskeletal allochem. This
microfacies can be observed in both sections of Firuzabad
and Bastak (Figure 4f). This facies is comparable to RMF20
Flügel (2010).
5.1.4.2. MF6: Coral boundstone (Framestone)
The coral boundstone is characterized by thin-to-mediumbedded sheet-like interval, which is underlain and overlain
by medium beds of mid ramp packstones and grainstones.
In the thin section, these biogenic facies (Brett, 1988) is
dominated (70–90%) by scleractinian autochthonous
corals (Wendt et al., 2002). The space between the algae
branches is filled with fine-grained lime matrix and other
skeletal components are absent. The name of this facies
on the base of Dunham’s classification (1962) is coral
boundstone and according to Emery and Klovan (1971)
is coral framestone. MF6 is only available in the Bastak
section (Figure 5a). This facies is comparable to RMF12
Flügel (2010).
5.1.4.3. MF7: Echinoid bioclastic packstone to grainstone
The principal constituents involved echinoid fragments
(especially plates) which were surrounded by syntaxial
calcite cement in such a way that cement crystals showed
optical continuity with the echinoid fragments. Other
organic grains include benthic foraminifers, bryozoa,
ostracod, bivalve debris, and coralline red algae filaments.
The skeletal grains are fairly equal in size (moderately
sorted) and around of most of them have been coated by
the dark micritic envelope. This microfacies is observed in
both sections of Firuzabad and Bastak (Figure 5b). This
facies is comparable to RMF7 Flügel (2010).
5.1.4. 4. MF8: Miliolid bioclastic grainstone
This grainstone is marked by washed bright sparry calcite
cement accompanied by micritizied skeletal components.
The chief biogenic constituents are comprised of hyaline
and porcellaneous walled foraminifers such as miliolid,
Triloculina and Austrotrillina, Neorotalia, Rotalia viennoti,
bivalve debris, ostracod, echinoid fragments, bryozoa,
coralline red algae, and gastropod. This facies exists in the
Firuzabad section and does not exist in the Bastak section
(Figure 5c). This facies is comparable to RMF26 Flügel
(2010).
5.1.4.5. MF9: Peloidal bioclastic packstone to wackestone
The fauna content is determined by porcellaneous walled
foraminifers such as miliolid, Chilostomella and Peneroplis
thomasi, bivalves and echinoid/crinoid debris, gastropod,
and coralline red algae. Well-rounded peloid grains with

moderately sorting are the most prevalent nonskeletal
allochems, which contain 25% to 40% of the grains.
Micritization and bioturbation are considered the most
effective diagenetic features. This microfacies is observed
in both sections of Firuzabad and Bastak (Figure 5d). This
facies is comparable to RMF4 Flügel (2010).
5.1.4.6. MF10: Benthicforaminiferal bioclasticgrainstone
The presence of high diversity porcellaneous walled
foraminifers such as Austrotrillina, Triloculina, Archaias,
Dendritina rangi, and Peneroplis is the major characteristic
of this facies. In addition, gastropods, ostracod,
brachiopoda, bivalve, bryozoa, and echinoid/crinoid
debris are other skeletal ingredients. The matrix is mostly
clean sparry calcite and grains are predominantly coated
by a micritic margin (micritic envelope). Some grains are
found in the form of dark mass and their identification is
very difficult due to severe micritization. This microfacies
can be observed in both sections of Firuzabad and Bastak
(Figure5e). This facies is comparable to RMF26 Flügel
(2010).
5.1.4.7. MF11: Bioclastic wackestone
This wackestone consists of micritic limy mud along with
undamaged bivalve, gastropod, and benthic foraminifera
(such as miliolid, Dendritina and Peneroplis) as well as
the small number of bryozoa (rare). Peloid grains are
only nonskeletal components. The bivalve shells indicated
uncrushed, subordinated, millimeter size (mainly more
than 2 mm) debris with a micritic cover on the edges. The
bioturbation causes the formation of an inhomogeneous
micrite matrix with different color and alignment of
bivalve shells. This microfacies is observed in both
sections of Firuzabad and Bastak (Figure 5f). This facies is
comparable to RMF20 Flügel (2010).
5.1.4.8. MF12: Laminated dolomitic mudstone
This dolomitic mudstone is comprised of fine-grain
dolomite lime mudstone along with silt size detrital
quartz grains which is predominantly devoid of marine
fauna. Parallel lamination which represents subaqueous
deposition is considered to be the main feature of this
dolomitic mudstone. In some parts, bioturbation has
destructed the lamination texture. This facies exists in
the Bastak section, but it is not observed in the Firuzabad
section. (Figure 6a). This facies is comparable to RMF22
Flügel (2010).
5.1.4.9. MF13: Fenestral mudstone
This mudstone, which is characterized by microcrystalline
fine-grained micritic limestone, is the shallowest
microfacies. Fenestral pores (bird’s eyes fabric) are
prevalent fabrics, which are mainly filled by anhydrite
and calcite cements. This mudstone is largely devoid of
skeletal and nonskeletal grains) except some amounts of
small skeletal debris such as bivalve fragments). Small size
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Figure 5. Photomicrographs of the major carbonate microfacies of the Asmari Formation. a: Coral boundstone (framestone) (Bastak,
Sample No.238), b: Bioclastic echinoid packstone to grainstone (Firuzabad, Sample No.271, Ech deb: Echinoid debris, Mili: miliolid), c:
Bioclastic miliolid grainstone (Firuzabad, Sample No.140, Ech deb: Echinoid debris, Rot: Rotaliavennoti, Mili: miliolid, Bry deb: Bryozoa
debris), d: Peloidal bioclastic packstone to wackestone (Bastak, Sample No.275, Pel: Peloid, Chil: Chilostomella sp., Mili: miliolid), e:
Benthic foraminiferal bioclastic grainstone (Firuzabad, SampleNo.140, Pen: Peneroplis thomasi, Mili: miliolid, Rot: Rotalia vennoti), f:
Bioclast wackestone (Bastak, Sample No.166, Biv: Bivalve, Mili: miliolid, Pel: Peloid, Elph: Elphidium sp.)

crystals of anhydrite are partially observed. This facies
exists in the Firuzabad section and does not exist in the
Bastak section (Figure 6b). This facies is comparable to
RMF19 Flügel (2010).
Simultaneous attendance of both hyaline and
porcellaneous walled foraminifers together with open
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marine fauna such as bryozoa in the pack to grainstone
texture demonstrated moderate to high-energy shoal
environment for MF5. Due to lack of evidence of extensive
reef structures (is commonly seen in rimmed shelves)
in the microscopic and field investigations, it seems that
coral boundstone (MF6) did not create continuous barrier
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Figure 6. Photomicrographs of the major carbonate microfacies of the Asmari Formation. a: Fenestral mudstone (Bastak, Sample
no.322, Fen: fenestral), b: Laminated dolomitic mudstone (Firuzabad, Sample no.293, Lam: lamination).

reef with inhibitory barred function (Buxton and Pedley,
1989; James and Bourque, 1992). The discontinuous and
detached coral reef structures were alternated with shoal
facies pointed to a patch reef depositional setting (Wilson,
1975; Reading, 1996; Rodriguez et al., 2010; Aleali et
al., 2013b). The grain-supported nature and presence of
sparite cement between grains, proposed that MF7 and
MF8 have been deposited in a high-energy turbulent
shoal environment considering the abundance of grains
(such as corals, echinoids, bryozoa) and their sorting.
The formation of microbial envelopes around the grains
indicates the activity of the microbial organism like
cyanobacteria (blue-green algae) (Perry, 1999; Palma et
al., 2007; Flugel, 2010).
The mud-rich nature and the abundance of benthic
foraminifers with porcelaneous tests along with the
presence of peloid grains indicate low to moderate energy
shallow subtidal and lagoon setting (Shinn, 1983; Flügel,
2010; Lasemi et al., 2012). The appearance of benthic
foraminifers with porcelaneous tests (facies 9 and 10) such
as miliolid, Astrotrillina, Archaias, Peneroplis suggests a
low depth, fairly clear with suitable light penetration (Bassi
and Nebelsick, 2010). The abundance of high-diversity of
benthic foraminifers with porcellaneous walled indicates
an increase in the relative salinity of seawater in the
restricted lagoon environments (Brandano et al., 2009).
The accumulation of peloid grains along with benthic
foraminifers indicates the restricted marine environment
by the moderate circulation of water (Flügel, 2010). Low
amounts of skeletal components, scarcity of fauna diversity,
which is accompanied by intact and unbroken bioclastic
remnants (such as bivalve and gastropod), points to a calm
environment, low energy near shore lagoon environment
for facies 11 (Wilson and Evans, 2002; Scholle and Dana,
2006). Homogeneous dolomudstone with scarce of marine

fauna and laminate structure of 12 facies represent a
tidal flat environment. Due to the lack of wave and flow
structures and evidence of subaerial exposure, probably
facies 12 belongs to the shallow subtidal zone. Developing
fenestral fabric in the fine-grained mud-rich texture
(mudstone and dolomudstone) suggests intertidal zone
typically (MF13) (e.g., Ginsburg and Hardie, 1975; Shinn,
1983; Tucker, 2001; Warren, 2006; Aleali et al., 2013a).
6. Results
6.1. Sedimentary model
Microfacies, sedimentary environment, and models of the
Asmari Formation have been studied by many authors
in different regions of the Zagros Basin. Most of these
studies have shown that Oligocene–Miocene Asmari
deposits have been deposited on a carbonate homoclinal
ramp platform (e.g., Vaziri-Moghaddam et al., 2006;
Ranjabaran et al., 2007; Daraei et al., 2014; Adabi et al.,
2015). Pedley (1996) believed that homoclinal and distally
steepened ramps were developed in the Mediterranean
during the Oligo-Miocene time. Van Buchem et al. (2010)
have comprehensively studied regional stratigraphic
architecture and reservoir types of the Oligo-Miocene
deposits and suggested carbonate ramp-like platform
with an inner ramp, mid ramp, outer ramp, hemipelagic
and pelagic subenvironments for the Asmari Formation.
Adabi et al. (2015) stated that twelve microfacies have
been recognized in the Asmari Formation of Izeh zone
in the Zagros Basin, based on the petrographic analysis.
In their opinion the Asmari Formation has been
deposited on a homoclinal carbonate ramp platform,
with four major subenvironments. Allahkarampour Dill
et al. (2017) investigated the Oligo-Miocene carbonate
platform evolution in the northern margin of the Asmari
intrashelf basin and believed that the Asmari Formation
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has experienced different sedimentary environment
platform models during the Oligo-Miocene time. These
depositional models are: 1- Nummulites-bearing distally
steepened mixed terrigenous/carbonate ramp, early
Rupelian 2- Nummulitidae-Lepidocyclina (Eulepidina)
bearing distally steepened carbonate ramp, late Rupelianearly Chattian, 3- Coral bearing flat-topped open shelf,
middle-late Chattian, 4- Homoclinal ramp during the
Aquitanian, and 5- Lagoonal-restricted part of a wide
spread platform during the Burdigalian. Daraei et al.
(2014) studied the Asmari Formation in the Lurestan zone
and distinctive 16 microfacies which were deposited in a
homoclinal carbonate ramp-like platform.
In this study, in addition to facies analysis in each
section, there is a comparison of facies and environmental
changes between two regions of Fars Province.
Facies analysis evidence such as gradual and continuous
facies changes, nonexpansion of wide barrier and walllike reef structures along with the lack of calciturbidite,
talus and other slumping and gravity deposits, developing

bioclastic shoal (in the margin platform) indicate that
the Asmari Formation in the studied sections has been
deposited in a homoclinal ramp-like carbonate system
with gentle slope and without an obvious break in slope
(Figure 7).
According to depositional facies analysis, horizontal
and vertical facies arrangements and biogenic distribution
in this homoclinal ramp platform three main depositional
subenvironments were distinguished which were
characterized by outer ramp (including basin and open
marine), mid ramp, and inner ramp (including shoal,
lagoon, and tidal flat) subenvironments (Figure7). The
reef-maker boundstone facies (such as coral boundstone)
are limited to the sparse and scattered patch reef and
there is no evidence of the barrier and wall-like reef.
Inner ramp includes MF13 to MF5, which are related to
the tidal flat, lagoon, and shoal environments. The middle
ramp involves MF3 and MF4 facies and the outer ramp
involves MF1 and MF2 facies that are related to the open
marine environment. Since the studied sections have been

Figure 7. Conceptual depositional model of the Oligo-Miocene Asmari Formation showing the relative distribution of carbonate
components, facies position, facies association distribution, and various subenvironments.
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developed of two parts of the Fars Basin (Interior Fars
and Coastal Fars zones) and have experienced different
environmental conditions, some of the facies are created
only in one section (are not existent in both sections).
Based on detailed facies frequency analysis, the
outer ramp is the most frequent facies association in the
Firuzabad section (Figure 8a) and the inner ramp (lagoon
subenvironment) is the most frequent facies association
in the Bastak section (Figure 8b). As shown in Figure 8,
facies 1 and 2 (MF1 and MF2) in the Firuzabad and facies
9 and 10 (MF9 and MF10) in the Bastak section indicated
maximum frequency. Therefore, the Firuzabad section, )
interior Fars( was located in the deep part and the Bastak
section) coastal Fars( and in the shallow part of OligoMiocene basin and at the time of the Asmari Formation
deposition from interior Fars to coastal Fars Province, the
depth of the basin has been decreased.

foraminiferal bioclastic wackestone (MF1) which is the
deepest facies of succession. The transgressive systems
tract shows retrogradational stacking pattern along with
a deepening-upward trend. The highstand systems tract
comprises open marine, shoal and lagoonal microfacies,
respectively and represents a shallowing-upward pattern.
HST facies group begins with planktonic foraminiferal
bioclastic wackestone/packstone, follows with shoal
packstone and grainstones and ends with lagoon peloidal
bioclastic wackestone/packstone. The boundary between
sequence 1 and 2 is marked by lagoon deposits, which
indicates that the Oligocene–Miocene platform does not
experience subaerial exposure (Figures 9 and 11a).

6.2. Sequence stratigraphy
Detailed examination of facies in the studied sections
indicated that the vertical organization of facies association
and distribution of microfacies have been caused by certain
depositional sequences of sea-level fluctuation. Identifying
high and low sea-level phases within deposits are very
important and helpful in the comprehensive interpreting
of environmental, climatic, and tectonic conditions (Read,
1995; Emery and Myers, 1996; Catuneanu, 2006). The
valid concepts provided by many scholars have been used
to determine the sequences and their interpretation (e.g.,
Sarg, 1988; Vail et al., 1991; Read, 1995; Emery and Myers,
1996; Catuneanu, 2006; Catuneanu et al., 2011). The
Oligo-Miocene Asmari Formation depositional sequences
have been studied in the other parts of Zagros Basin and
adjacent regions (e.g., Vazirri-Moghadam et al., 2006;
Amirshahkarami et al., 2007a; Allahkarampour Dill et al.,
2010; Van Buchem et al., 2010; Adabi et al., 2015)

6.2.1.2. Depositional sequence 2
Sequence 2 comprises the upper Asmari Formation,
with a total of 156 m thickness. Transgressive system
tract (TST) is mainly composed of mid ramp facies
association. This system tract starts with Peloidal
bioclastic packstone to wackestone (lagoon), bioclastic
echinoid packstone to grainstone (shoal) and is followed
by planktonic foraminiferal bioclastic packstone/
wackestone (open marine). The maximum flooding
surface indicated the deepest outer ramp facies of the
Asmari Formation (planktonic foraminiferal bioclastic
wackestone). Sequence 2 TST indicated a distinct change
from the inner ramp toward the mid ramp and also
indicated a deepening-upward cycle. The highstand
systems tract (HST) with a thickness of 45 m starts with
planktonic foraminiferal bioclastic packstone continues
with bioclastic miliolid grainstone (shoal) and peloidal
bioclastic wackestone/packstone (lagoon), and finally
ends with fenestral mudstone microfacies belonging to the
tidal flat environment. HST package represented a certain
alteration of the mid ramp to the inner ramp and formed a
shallowing-upward trend (Figures 9 and 11a).

6.2.1. Sequence stratigraphy of the Asmari Formation in
Firuzabad section

6.2.2. Sequence stratigraphy of the Asmari Formation in
the Bastak section

6.2.1.1. Depositional sequence 1
DS1 has a thickness of 114 m and is instantly located on
the basinal shale/marl of the topmost part of the Pabdeh
Formation (Figure 3C). This sequence is composed of
transgressive systems tract (TST) and highstand systems
tract (HST) and its lower and upper boundaries include
type 2 sequence boundaries (SB2). The thickness of TST
and HST packages is around 60 and 54 m, respectively.
TST package in sequence 1 indicated deepening-upward
trend, as it was started with peloidal bioclastic packstone
to wackestone (related to lagoon environment), was
continued with bioclastic miliolid grainstone (related to
shoal environment) and was eventually pursued with mid
ramp planktonic bearing wackestone and packstone facies.
Maximum flooding surface (MFS) is marked by planktonic

6.2.2.1. Depositional sequence 1
This sequence with a total thickness of 145 m is comprised
of TST and HST facies groups. Transgressive system
tract (TST) is situated in the border between Pabdeh
and Asmari Formations, which is marked as type 2
sequence boundaries. The thickness of TST package is
around 35 m and is characterized by the lagoon (such as
Peloidal bioclastic wackestone/packstone), shoal (such as
benthic foraminiferal bioclastic packstone to grainstone
and bioclastic echinoid packstone to grainstone), and
open marine (such as planktonic foraminifera bioclastic
wackestone/packstone) facies. The maximum flooding
surface is placed at the bioclastic wackestone containing a
large number of planktonic foraminifers. TST represented
a deepening-upward facies trend from the inner ramp
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Figure 8. Facies percentage pie diagrams of Oligo-Miocene Asmari Formation. a) Frequency percentage of recognized facies
together with their quantitative distribution of each subenvironments in the Firuzabad section. b) Frequency percentage of
recognized facies together with their quantitative distribution of each subenvironment in the Bastak section.

toward mid ramp and showed retrogradational stacking
pattern. The thickness of highstand system tract (HST)
is around 105 m and starts with pelagic containing facies
such as planktonic foraminiferal bioclastic wackestone/
packstone and is followed with shoal (such as echinoid
bioclastic packstone to grainstone), and lagoon (such as
peloidal bioclastic packstone to wackestone and bioclast
wackestone) facies that indicated deepening-upward trend
along with progradational stacking pattern (Figures 10
and 11b).
6.2.2.2. Depositional sequence 2
The total thickness of this sequence is 141 m and it is
made of HST and TST facies groups. The thickness of the
transgressive system tract (TST) is around 15 m and it starts
with developing shoal facies group (benthic foraminiferal
bioclastic packstone to grainstone and echinoid bioclastic
packstone to grainstone) and continues with open
marine facies group (planktonic foraminifera bioclastic
wackestone/packstone). The maximum flooding surface
is determined by planktonic foraminiferal bioclastic
wackestone as the deepest facies of the succession. HST
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facies group with a thickness of 126 m is composed of
bioclastic packstone facies containing pelagic foraminifera
and shoal coral boundstone is continued with lagoon
facies association such as Peloidal bioclastic wackestone/
packstone and bioclastic wackestone. Eventually, this
sequence is terminated by tidal flat dolomitic fenestral
and is bounded by a type 2 sequence boundary. HST is
composed of shallowing upward facies pattern from
the mid ramp to inner ramp, which is accompanied by
progradational stacking pattern (Figures 10 and 11b).
6.3. Interpretation and comparison with other studies
It is difficult to answer whether the recorded sequences of
studied sections are due to eustatic or tectonic controls.
However, widespread thickness changes in the sedimentary
units and depositional facies have not been observed. It
seems that the global sea-level fluctuations during the
Oligocene and Miocene is a major factor for controlling
the stratigraphic architecture, facies distribution, and
depositional sequences (Van Buchem et al., 2010).
The correlation of the investigated successions and
their sequence analysis with local and global sea-level
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Figure 9. Sedimentological log of the Asmari deposits in the Firuzabad section. The main lithology and
facies characteristics, depositional environments, and third-order sequences are represented. Note the
abundance of outer ramp (open marine) facies of this section.
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Figure 10. Sedimentological log of the Asmari deposits in the Bastak section. The main lithology and
facies characteristics, depositional environments, and third-order sequences are represented. Note the
abundance of inner ramp (lagoon) facies of this section.
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Figure 11. Field photographs of the distribution of third-order sequences in the Oligo-Miocene Asmari Formation deposits. a) Firuzabad
section sequences. b) Bastak section sequences.

curves of the same geological successions following
Haq et al. (1987), Sharland et al. (2001) Van Buchem et
al. (2010) demonstrated that the identified sequences
are mostly consistent with regional and global eustatic
curves (Figure 12).The sequence 1 was formed during the
upper Oligocene age, simultaneously with the RupelianChattian global sea-level cycle (Haq et al., 1987). The lower
boundary of this sequence corresponds to surface I and
the upper boundary to surface IV of Van Buchem et al.,
(2010). The maximum flooding surface of this sequence
is comparable to Pg30 MFS presented by Sharland et
al., (2004). This flooding surface was dated to 33 Ma by
Sharland et al. (2001), on the time-scale of Gradstein &
Ogg (1996), which corresponds to approximately 32.8 Ma
Gradstein et al. (2004) time-scale.
Sequence 2 corresponds to the Chattian–Aquitanian
worldwide cycle of Haq et al. (1987). The lower boundary
of this sequence is similar to surface IV and the upper
boundary surface is equivalent to V of Van Buchem

et al. (2010). They believe that both of these sequence
boundaries are located at the end of progradational trend
and in such a situation the age of strata exposed below the
surface will be young towards the basin (Van Buchem et
al., 2010). The maximum flooding surface of sequence
2 is equivalent to the Ng10 flooding surface reported by
Sharland et al. (2004) in the Arabian Plate. They suggested
that Ng10 MFS might be found in carbonates strata near
the base of the Upper Asmari Formation. Although the
age of this surface is considered Burdigalian, it could
also represent a base Aquitanian flood in some regions
(Sharland et al., 2004).
8. Conclusion
The Oligo-Miocene Asmari Formation in the studied areas
mainly consists of carbonate succession and is subdivided
in to 4 lithological units. Based on sedimentary aspects
and facies features 13 microfacies belonging to inner, mid,
and outer ramp environments were determined that their
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Figure 12. Correlation scheme of third-order sequences distinguished in Fars Province (this study) with the Dezful embayment (Van
Buchem et al., 2010), the Arabian plate (Sharland et al., 2004), and the eustatic sea-level curve of Haq et al. (1987). As shown in the
figure, the relative correlation exists between identified sequences and global and regional eustatic sea-level curves.

horizontal and vertical facies distribution showed that the
Asmari Formation was deposited on a homoclinal ramplike platform with a gentle slope and the deeper part of
the basin located in the Firuzabad section. Detailed
facies frequency analysis indicated that the outer ramp
is considered as the most frequent facies association
in the Firuzabad section and the inner ramp (lagoon
subenvironment) is considered to be the most frequent
facies association in the Bastak section. According to
field and laboratory investigations, two third-order
depositional sequences were identified in both sections
that are composed of transgressive systems tracts and
highstand systems tracts. The main stacking pattern in
the transgressive systems tract package is retrogradational
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with a deepening-upward trend and itis progradational
with a shallowing-upward trend in the highstand systems
tract package. The identified sequences are compared with
regional and global Oligocene–Miocene sea-level curves
and sequence boundaries are correlatable with I, IV, and
V boundary surfaces of Van Buchem et al. (2010) and
maximum flooding surfaces are consistent with Pg30 and
Ng10 flooding surfaces of Sharland et al., (2004).
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